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[57] ABSTRACT

There is disclosed a method for making horn loudspeak-
ers, of the sectorial diffusion type, characterized by the
transformation, in order to operate under predeter-
mined sectorial diffusion conditions, of a horn loud-
speaker, predisposed for circular diffusion, comprising a
horn provided with opposite walls the distances
whereof increase according to a given law, from the
axis of the horn on which the electroacoustic transducer
1s located, the transformation being carried out by neu-
tralizing the space included between the walls and
about the compression chamber associated with the
transducer, and in the directions in which the diffusion
is not desired, by using a substantially fibrous material
and effective to absorb or deaden the acoustic energy or
power. |

4 Claims, 3 Drawing Figures
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HORN LOUDSPEAKERS OF THE SECTORIAL
DIFFUSION TYPE, AND METHOD FOR MAKING
SAID LOUDSPEAKERS

The present invention relates to improvements in
and/or related to the horn loudspeakers, of the sectorial
diffusion type, and to a method for industrially making
said sectorial diffusion loudspeakers, as described here-
inbelow. ,

Well known are the loudspeakers in general, as well
as the so-called horn loudspeakers, which latter com-
- prise a movable diaphragm effective to move in such a
way as to reproduce the time variation of a signal driv-
ing the diaphragm (according to a known procedure
and by known means), which diaphragm is located and
operates at the mouth (the so-called throat) of a horn or
a rigid duct of gradually increasing cross-section and
ending with an opening or mouth leading to the atmo-
sphere of the environment in which-the loudspeaker is
installed and operates for. dlffusmg or 1rradlat1ng
sounds.- -

Thus: the horn is to be considered an acoustic trans-
former effective to transform the comparatively small
area diaphragm into a large area diaphragm, thereby
fitting to a comparatively heavy diaphragm the light
medium or air. This definition 1s actually proper for the
loudspeakers provided with the so-called “large-throat”
horns, provided with a throat having approximately the
same size as the diaphragm: on the other hand this con-
dition may be only met, without interference losses, for
the frequenc,les for which the wavelength is at least four
times the size of the diaphragm.

- This llmltatlon does not occur for the so-called “nar-
row throcat” horn loudspeakers, that is the so-called
compression loudspeakers. In this case the horn is so
designed that from the diaphragm the horn (or rigid
duct or ducts of gradually 1ncreasmg cross-section-for
example exponentially 1ncreasmg) is reached through
the so-called compression chamber, effective to in-
crease the average density of the medium (air) and
being formed by the surface of the diaphragm itself and
by an opposite wall located very close to said dia-

phragm and interrupted by openings for the passage of

the horn. This passage occurs by means of channels the
number, positions and size of which are such as to nul-
lify: the higher order resonances in said: compression
chamber and due to the perturbations arising from the
reflections generated by the surface of sald chamber
edge. |

Well known are also loudspeakers predisposed for an
-essentially “circular” diffusion and. for an essentially
“sectorial diffusion”. More specifically the former, also
in the case of the “narrow throat” horn loudspeakers
(which may also be provided with several horns associ-
ated with corresponding diaphragms) comprise a horn
having a circular mouth opening on the contour of a
revolution body, about an axis passing through the com-
- pression chamber. Also known are circular diffusion

- loudspeakers comprising an electroacoustic transducer

loop as located about the axis of the loudspeaker struc-
ture. A main requirement of the circular diffusion loud-
speakers is that the acoustic energy or power be trans-
mitted and diffused to/through the medium or environ-
~mental air in an even way and WIthout de]eterlous inter-
ferences in any directions.

The Applicant, in its Italian Pat. No. 930, 955 granted
on Oct. 2, 1972 (Patent Application No. 25,696 filed on
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June 9, 1971) has already disclosed and illustrated an
improved loudspeaker, in particular predisposed for an
essentially circular diffusion, effective to provide a re-
sponse curve being practically flat in the overall fre-
quency range. Exemplary embodiments of these im-
proved loudspeakers, for essentially circular diffusion,
have been fragmentarily illustrated in FIGS. 10a and
10b and more specifically in FIGS. 11a and 11b and
they are described, with reference to the mentioned
figures, in satd Italian Pat. No. 930,955, herein incorpo-
rated by reference.

According to the aforesaid Italian patent of the same
Applicant, the circular diffusion loudspeaker (it should

‘be noted that also a sectorial diffusion has been already

provided for in said Italian patent), comprised a dia-
phragm effective to operate in the compression cham-
ber, against an opposite wall defining the starting por-
tion of a horn circularly extending about an axis passing
through the center of said compression chamber. The
progressive increase of the horn ¢ross-sections was in a
plane perpendicularly to the axis or in a cone having a
very large maximum opening and a corresponding axis.

‘These loudspeakers have been greatly satisfactory in
operation, as confirmed both by the tests and the wide
industrial acceptance, with respect both to the response
curve which 1s essentially flat for the overall acoustic
frequaney range and to the evenness of the circular
diffusion 1n any directions about said axis.

Finally, 'there is also known that in the market are
ever mcreasmgly required by those skilled in the art the
so-called “sectorial diffusion™ loudspeakers, that: is
those loudspeakers effective to diffuse or irradiate into a
predetermined space sector, which sector is generally,
though not critically included from 90° to 120" and
even, in some cases, 180° and more.

Also known is the fact that a substanttally even dlffll-—
sion through the overall acoustic frequency range, in
the absence of interference phenomena, and through
angles greater than 120° is hard to be obtained, from the
constructional, .designing, testing point of view and
with respect to the making of the loudSpeakers

A mainly sectorial diffusion or irradiation is advanta-

- geous for example for assuring a high fidelity irradiation

and reception of music which is generally irradiated
from a point offset with respect to the listeners. The
acoustic characteristics can be for example seriously
damaged by the perturbing echoes and reflections from
the walls which are nearer to the loudspeakers or loud-
speaker. ~ |
Several teehnlques are known for prod uemg the sec-
torial diffusion loudspeakers. As thereinabove stated
loudspeakers have been designed comprising a plurality
of transducers (or diaphragms) and horns, as differently

~oriented. Typically one may affect the geometry and
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average orientation of the walls of the horn or horns,
but, in general, the asymmetrical distribution of these
walls, originating with sharp deviations from the com-
pression chamber, causes interference phenomena or
other deleterious factors which impair the evenness of
listening, through the overall acoustic frequency range.

Owing to the fact that, as it will be thereinafter illus-
trated, the instant improvement is critically based on the
applications of the teachings and technical solutions
according to the theremnabove mentioned Italian Pat.
No. 930,955, the circular diffusion loudspeakers, said
ditfusion being in a plane or large opening cone, of said
Italian patent will be thereinafter indicated by the term
“improved circular diffusion loudspeaker”.
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Essentially, according to the present invention, there
1s applied the unforeseeable outcome (being experimen-
tally confirmed) that an improved circular diffusion
loudspeaker may be qualitatively transformed into a

sectorial diffusion loudspeaker by at least partially neu- .

tralizing the sector of the horn, oriented in the direc-
tions in which the diffusion is not desired or has to be
attenuated, by using an acoustically dissipating and
absorbing or deadening material, by which the irradi-
ated acoustic power or energy, as irradiated by the
compression chamber, is absorbed.

Preferably said deadening and absorbing material
occupies all of the space included, in said directions,
between the walls of the horn and has corresponding
absorption characteristics for the acoustic power even
at the limiting portions of the occupied sector.

Said material may also be different, while providing
the same acoustic deadening and neutralizing character-
1stiCs. '

Preferably said materlal can be of the eellular or

Preferably a sponge or fibrous mass 1s employed, such
as Kapok, cotton, wool, silk, and so on and related
waste of either natural or synthetic fibres, of polyure-
thane foam or the like. |

Furthermore the occupied space can be partlally or
completely neutralized, from the acoustic point of view,
by a different-density material (for example made or less
compact fibers) at points located at different distances
from the compression chamber, in order to assure a
progressively increasing absorption, to the full one, at
the different distances from the electroacoustic trans-
ducer. |

Thus the method according to the present invention
broadly consists of providing a circular diffusion loud-
speaker, of the thereinabove indicated type, and as
thereinafter defined again, which loudspeaker com-
prises a horn evenly located about an axis (either plane
or conic) passing through the compresston chamber at
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least partially neutralizing, from the acoustic point of 40

view, the channel formed by said horn, in the directions
in which the diffusion has to be attenuated or sup-
pressed, by sectorialy adding an acoustically deadening
or absorbing material and effective to neutralize said
diffusion, in such a way as to obtain the desired attenua-
tion or suppression of said diffusion, 1n said directions.
The provision of said deadening material, under the
thereinafter indicated conditions, and according to the
desired nature, consistency, absorbing properties is ef-
fective to give the desired attenuation or sectorial sup-
pression of the acoustic diffusion through the environ-
ment. Thereinafter there will be indicated some possi-
bilities for the selective production of these effects.
The method obviously affords important complemen-
tary advantages involving the making of the improved
sectorial horn according to the present invention.
Obviously the sectorily diffusion properties of the
loudspeaker depend on the angular width or amplitude

and the orientation of the sectors occupied by the insu-.

lating material. Accordingly, by maintaining the stan-
dardization of the production of the loudspeaker, origi-
nally provided for the circular diffusion, the fitting
whereof to the desired sectorial diffusion simply re-
quires the provision and applying of a sound deadening
and absorbing mass having the desired angular exten-
sion and orienting.

For example the mass may be modularly predisposed
in small-angular width sectors, effective to be individu-

45

50

53

65

4

ally shaped, for example by pressing in a suitable mold.

~and the loudspeakers can be predisposed, according to

the user’s needs, by inserting into the perimetrical por-
tion or sector to be at least partially neutralized of the
horn, the desired number of these modular articles of
manufacture. If it is desired, it is possible to provide
loudspeakers having a plurality of sectors, as angularly
spaced and differently oriented, in which the starting
diffusion performance is attenuated or suppressed.

The aforesaid and other characteristics of the inven-
tion will become more apparent from the following
detailed description of a possible embodiment whereof,
with reference to the schematic drawing, where:

FI1G. 11s a perspective view of the improved sectorial
loudspeaker according to the present invention, as sub-
stantially produced by using a circular diffusion loud-
speaker, as improved according to the thereinabove
mentioned Italian Pat. No. 930,955; |

FIG. 2 tllustrates the sound deadening mass of the
loudspeaker of FIG. 1, by a cross-sectton taken accord-
ing to a plane perpendicular to the axis whereof, and

FIG. 3 ilustrates a cross-section of the improved
sectorial loudspeaker, taken through the slanted plane
indicated at ITI—III1 in FIG. 2, the structure and trans-
ducer of the loudspeaker corresponding to those frag-
mentarily illustrated in FIG. 11A of the thereinabove
mentioned Italian patent.

With reference to the drawing figures and briefly -

recalling to mind the disclosure of the cited Itahan pa-

tent, and as it 1s exemplary illustrated in FIG. 3, the
loudspeaker as originally predisposed for an even circu-
lar diffusion or irradiation in any directions, comprises a
known magnetodynamic unit, including a diaphragm
110 (for convenience there are used those same number
references as used in the aforesaid FIG. 11A of the cited
Itahan patent) operating in opposition to an opposite -
wall 24", or an opposite diaphragm, thereby forming
with the latter a duct as defined between opposite pro-
gressively diverging walls 24 and 24', the distance of
which increase according to a law well known in the
art. '

As disclosed in the cited Itallan patent, the geometrlc
progression at the several cross-sections or the central
portion of this duct (forming the compression chamber)
is obtained by the bending of the sole diaphragm 110.

Thus, within the limits of this structure, that is with--
out considering the following disclosure, the loud-

speaker of FIG. 3 is effective to circularly irradiate in

any directions about its axis x-x, with the qualitative
characteristic of supplying a substantially flat response
curve through the overall acoustic frequency range,
being a high quality loudspeaker.
- According to the present invention, it has been found
that it is possible to produce, by a technologically sim-
ple procedure and starting from a circular diffusion
loudspeaker, sectorial diffusion loudspeakers, for the
desired angular width or widths, or sectorily reducing
the diffusion or 1rradlat10n of said circular diffuston
loudspeaker

As 1t iS schematleally 1]1ustrated in the figures, this is
obtained by arranging in the radially diverging channel
between the opposite walls 24 and 24’ of the circular
horn a mass M of a selectively sound deadening or
adsorbing material, by which at least partially the
acoustic power or energy generated by the diaphragm
110 or the electroacoustic transducer is absorbed.

“In the practice, as it is shown in FIGS. 1 and 2, and
assuming that it is desired to produce a loudspeaker



4,429,762

S

effective to irradiate exclusively (or at least with a good
approximation) into the sector A'-B’, the mass M will be
located in such a way as to completely or partially
neutralize the space included between the diverging
walls 24 and 24"’ about the diaphragm 110, also occupy-
ing the immediately overlying space, that 1s the com-
pression chamber originating the sound or acoustic
pulses. Thus the sound pulses irradiating from said com-
pression chamber in any directions included in the sec-
tor A-B will be absorbed by the mass M, while those
irradiating in any directions included in the sector A’-B’
continue undisturbed through the corresponding sector
of the horn and they are sectorily diffused.

It has been experimentallv found and verified that the
selectively limited diffusion of the sector A’-B’ pre-
serves its quality characteristics, practically through the
overall extension of the sector occupied by the mass M.

It has been further experimentally found and verified
that the angular limits of the thus obtained sectorial
diffusion are advantageously cleanly or sharply defined,
that is the intensity and quality of the diffusion is nulli-
fied in an advantageous sharp way at the limiting por-
tions of said sectors, preferably provided that the faces
M’ and M" defining the sector of the mass M, and which
are accordingly turned towards the interspace between
the opposite walls 20 and 24’ of the horn, are in turn
well sound deadening or absorbing and practically im-
pervious to the sound or acoustic waves.

From the above description and the examination of
the accompanying drawing it should be evident that it is
possible to produce sectorial diffusion loudspeakers for
any desired extension or amplitude.

As thereinabove said the improved loudspeaker can
be made by using modular sectors of the mass M, the
number and mutual positions of which can be selected
at will, to meet the user requirements, depending on the
extension and location of the loudspeaker in the room
wherein it has to be installed. Furthermore, it i1s easy
and economical to fit an improved loudspeaker, already
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predisposed for a predetermined condition of sectorial
diffusion to other different conditions, by replacing the
sound deadening mass M and/or the modular sectors
jomntly or individually forming said mass.

Accordingly it should be evident that the improve-
ment according to the present invention can be carried
out by adopting several variations and modifications of
constructional nature, without departing from the scope
of the present invention, as defined in one or more of the
following claims.

I claim: |

1. A loudspeaker of the sectorial diffusion type,
which comprises two first opposite walls forming a
horn, an electroacoustic transducer provided with a
curved diaphragm tangentially contacting a third wall,
said diaphragm and said third wall forming a structure,
said two first walls being arranged in a direction essen-
tially perpendicular to the vertical axis of said structure,
and converging towards said structure, said diaphragm,
said third wall and said horn forming a compression
chamber, a mass of fibrous material 1n a sector of said
compression chamber in an amount sufficient to absorb
the acoustic power irradiated from the compression
chamber in a predetermined direction in which diffu-
sion or sound has to be deadened.

2. The loudspeaker according to claim 1 wherein said
fibrous material is made of individually non-rigid fibers.

3. The loudspeaker according to claim 2 wherein the
density of said fibrous material increases from the points
thereof near to said electroacoustic transducer to the
points thereof near the contour of said horn, whereby
said horn is made sectorily attenuating or sound deaden-
ing.

4. An improved loudspeaker according to claim 1, 2
or 3 wherein the mass of said sound deadening material
is formed by a plurality of modular portions located in
the directions in which the diffusion is not desired or

has to be attenuated.
: * * K -
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